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PASSIVE SOLAR CONCEPTS FOR MULTISTORY BUILDINGS*

J. Douglas Balcomb
Los Alamos National Laboratory

MS-K571
Los Alamos, NM 87545

ABSTRACT——

Multistory bulldings long in the east-west
direct~on and short In the north-south di-
rection offer good opportunity for passive
solar application. If-ch unit within the
buildlng is designed so that the Solar Sav-
ings Frdction Is the same, each wI1l re-
spond to the weather the saw MY and no
unit-to-un~t heat distribution Is needed.
A !umn?rica]exmple for %nver :s given
Indicating excellent thermal performance
and a several-day themal response tfsx?.
Solutions Involving distributionofhedt
from unit to onlt are also discussed as
well as top-floor andsouth-wall variations.

1. INTRODUCTION

A comon modern building type, a long, thin
multistory configuration, is often used for

//parWent buildings and for other uses.
rhese structures are generally four to
seven stories tall, rectangular in both
●levation ad plan, with an ●spect ratio in
plan ot about 10 to 1, Now practical is it

to u~e passive solar heating wd cooling
strategies In such a building, fitt types
of systems should be used, md thet basic
principles ehouldbe observed? A few spe-
cific designs have ~rged, primarily for
Italy, as described by LOS,l but these
have been speclf{c solutions without wch
discussion of thermal desfgn principl~s,

It is clear frmttw outset Mat this type
of building provides & very favorable po-
tential situation for passive strategies
●Specially If good exterfor insulation and
infiltration control have been incorpo-
rated. EnerW requirements arc lessentid
becaustof party walls, Construction Is
sometimes brick or clay tile walls; floors
are often concrcts. The ove~all g-try
is very favorablo If the flat sid? of the
buildfng faces south. TW ~awcral problem
that develops is omof balancfng the
buflding so that each unit is individually
comfortable.

2. SOLUTIOMS NITHOUT HEAT TRANSPORT
~———

If the building Is laid out so that each
unit has access to the south, It is fre-
quently possfble to sfze the solar collec-
tion glazing in direct proportion ‘tothe
heat requir~nts of each unit. If this is
done, each unit wI1l respond to the clhati
fn the saw manner. The thermal design
problem Is tremendously slmpllfled because
each unit can be individually designed
without consideration of interactions
between units.

The gu~ding principle is ta sfze the glaz-
tng so tnat the Solar Savings Fraction
(SSF) is the sane for each unit. If the
same passfve system or mlx of passive sys-
tems are used throu@out, this is tanta-
mount to xaking the Load Collector Ratio
(LCR} the sam for ●ach unit. The LCR Is
defined as follous:

LCR . Building Net Load Coefficient
Collection Area .

If this process is coapleted for each ~ft,
the LCR of the entire buildfngwfll be
identical to that for each unit. The
bufldingwlll then respond to the ueattw
●nd the sun as if it uere a $ingl@ unft.
As an ●xample, let us consider an apartment
building for Denver, Colora&. In a cold

climate such as this, it is appropriate to

7
c slder ●n I.CRof about ?0 Btu/~F-day.
ft , wtweas in amildclimata an
LCR ● 30 might be mm appropriate to avoid
wfnter ov?r+mting. Th@ exampc fs a four-

Jstory buildlng wtth ~ix 764-ft wits
locatiilsfde by rnidefor a total of 24
Unfts. The units are 28 ft square by 9 ft
hfgh. opaque exterior walls are insulatid
to R-19, ●nd all wlndous aro double

‘1
lazed. (h!the aaat, west, ●nd north
acades the walls ●re X)S opaq~ and 10S

ufndou. Th@ ~ound level fs slab on grade
with R-1? per inter insulation, and tho
flat roof is insulated to R-19. !nfiltra-
tfon Is assuaed to btO.6 alr changas/hour.

Wola parfo~d n~. auspicm of the US Depar~llt of En@rW, offico of Mlar Neat
Technologl@s.



The net load coefficient of each apartment
unit is shown on the following figure. The
net load coefficients are calculated ex-
cluding the area of the south-glazed aper-
ture; units are Btu/°F-day.

8WTH CMVATION

The first thing we notice about,these num-
bers is that the variation is surprisingly
small. This is primarily because 56% of
the load coefficient of the building as a
wt?oleis accounted for by infiltration, and
this load is constent unit to unit.

There are six different values of load co-
efficient. The center efght units are the
same, the top four units are the same, etc.

In order to achieve an LCRof 20 in each
unit, it would be necessary to divide each
load coefficient by 20 to determine the
appropriate square footage of glazed area,
Because sonm of the ntiers are quite
C1OW, it n@es sense to merge the original
six groups into four grwpso Nhen this is
done, the required glazing area becomes
that shown it,the follouing figure.

On the right sfde of this figure the re-
qufred glazfng area is given in square fert
and on tbe left side the shaded ar@as show
th~ reqllfredap@rtur@, drwn to scale. The
rrmain{ng south wall is asswd to be
opaque and fnsulated to R-19; this was a{
countswifor In the calculat~on of the net
lend coef?icfent glv?n previously. An
LCR w ?U will glw reasonably good
performance in Denver tssunfng a 65 &gre~
day (DO) base. For exmnple, a l?-in.
Trtir wall with either ni ht insulation or

!a sclectlv~ surface will y elftan SSF of
73%, and a direct gain design with a mass
s~rface-to-glazinqar-a ratfo ot’6 wfll

yield SSF = 59%. (Both systems are double
glazed.) These results are from Ref. 2.
However, the assumption of d 65°F base
temperature is not very realistic for this
building. Let u:;assume that 48 peoule
live {n the building and that there is an
internal heat-ge!lerationrate of 20,000
Btu/day/person due to lights, appliances,
and people heat; if, in addition, the total
load cmfficientof the building is 99,000
Btu/°F-day and the thermostat setting is
70°F, the balance-point temperature for
the building is 60.3°F. The degree day
value for Denver calculated tc this base
4797 DD compared with 6016 for a 65°F
base. The resulting SSF, assuming that
half of the aperture is direct gain and
half is night insulated Trombe wall, is
73%. Th? resulting auxiliary heatin;
requirement for the entire building is 87
million Btu/year or less ‘than? m~llior
Btu/unit. At current electric rates
(7d/kWh), costs uould average $3~/tinit/
year. The required capacity is about 1
kU/unit.

A second remarkable thermal propertv of
this building is its long-tfme response
characteristic. If we assume that the
floors and roof {Ire6-in. concrete, that
the walls are 4-in. concreto, and make
allowances for Imrtitions and furniture,
the overall heat capacity of the building
is 630,W0 Btu/oi. The resulting thermal
response characteristic (time constant) of
the building is 6,5 days. Implications of
th!s long resporse tinr are that the
building is very stable, that the respc:se
to changes in outside conditions will 1,0+
be felt for 1 or 2 days, and that the t{me
of day when backup heat is used ts not very
important. Thus, off-peak backup hpating
would be appropriate.

Layout CT individual epartment units nust
account for the difference in thermal
characteristics of the individual spaces
created, It ‘s ●ssential that the building
be only one apartment thick in the north-
south direction. This will allw indivtdu-
:1 residents to control cross vimtil~tion

through thefr units; this flexibility is
essential in the su-r. It SIISOwans the
invective distribution of heat from th~
south to the north side of the unit can h?
achi~ved. Ccmnity rooms such as Ifving
rooms and kitchens should b? located on the
south and berrooms on the north. The south
rooms will t?nfito run 3 or 4 degrees
wamwr than the north rooms.

The choice ot’night.inculatfon on an un-
vented Tromhr wall was quite rhlfbwato.
If the Trcxnbewall were vented, it would
edd heat to the unit during thw da,ytdwn
the direct gafn is also contributing +eat,
creatinq lnrgo tempereturr swfngs. The
ttnw r!!loyof tho Tromhe wall fs a ns,jor
@\set In thi~ situation. Night insulation



was chosen, partly because of the Improved
energy performance and also because it af-
fords a degree of control over solar gain.
The niyht Insulation can be put in place
all summer to nearly eliminate solar gains
and can also be used very effectively in
other seasons to regulate the aver?ge tem-
perature. The use of backup heat will be
so infrequent that by itself it is i,otan
adequate regulating mechanism; consequent-
ly, the use of both natural ventilation and
Trombe-wall shading will be critical.

3. SOLUTIONS UTILIZING DISTRA’BUTIONOF
~rT----

Although the previous discussion has
indfcated that it is very feasible to
achieve an LCR of 20withcmt counting on
distribution of heat from unit to unit,
there may be instances there such distribu-
tion seems appropriate. For example, if
the building were less well insulated, the
required aperture on some of the units may
be larger than the available south area.
It is doubtful, however, that one would
ever want to design for LCR less than 20
because of problems that would probably
arise in the control of ove~eating.

The figure below shows a $outh elevation of
the hypothetical bu~lding analyzed above.
Untts marked with a (+) r~nulre less enerqy
compared w~th the average, units matied
with 8 (0) have just the average ener
requfrewwnt, and units marked wfth a Y) or
(--) re.lufremore energy. Not& that the
units that require more energy are general-

ly located above those with smaller enerqy
requtreraents,and, thus, distribution of
heat can be totally passive.
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The following ffgurc shows th~ gwmral way
in ~ich heat shwl(t flow in the bulld!no
to balance heat requirenmts.

There are many possible ways in which heat
could be distributed by natural convection of
air. Air might be hedted in either air-
heating collectors Gr Trombe-wall spaces and
then ducted through insulated ducts to
perforated masonry units in the floor or wall
of apartments requiring ext,’aheat. The sane
method could be used for distribution of heat
from the south to the north side of each
individual unit. The following figute shows
how north stairwells coiildbe located to
function both as nGrth buffer spaces and as
return air passages from th’ top of the
bui”ldingto the bottom.

i33sT’iYl
The desfgner nust be careful in considering
configurations such as this to properly ac-
count for fire safety issues that might be
raised tien vertical air ducts are created in
bulldfngs and also to assure that air from
one apartment space is not transported into
o;her apartments along wfth odors and other
pollutants.

4 TOP FLOOR VAR!ATIONS

The uppermost floor of the bufldfng presents
some opportunfttes for thefntal&sign not
av@flabl@ fn the lower floors. As we have
seen, the h?at requfremonts of the top floor
are generally greater, requ~ring greater col-
lection ared. The followlng figure show how
a sunspacr configuration wfth sloptng glazlng
could be u~ed on the top floor,

L=l-c”””
I

1.3
_——.—.—

3y wtttrlg the sunspac~ glazfng hack s~what
frm the so~ltt.huildtng edge, an attractive
and usable b~lcony is creatatfthat &lso func-
tions to reflect add{tionkl sun into the sun-
3p4cc. Because of thit f~atura tnd th? slop-
ing glazlng, the ?unspacv @ff@ctfve p@rform-
anc@ will be reat~r then that for the lower
unfts. !On@ m ght mah~ up for tho reduced
floor area of th~se units by laying out three



touble-wfde units across the top flo~r
fnstead of the origfnal sfx units.

5. SOUTH HALL VARIATIONS

The natural performance characteristics
of Trcmtiewalls can be enhanced by an orien-
tation slightly west of true south. This
provfde.sfor more afternoon-heat pickup ar,d
better heat carryover into the evening.
Similarly, by orfentfng direct-gain windows
slfghtly east of true south, one achieves
bet’mr mornfng pickup and less tendency for
afternoon Oveti,eating.Tne configuration
shown belti combines these attributes to
nwtual advantdge and will lead to better
performance and comfort.

?LAN W[W

Another very attractive option for this ap-
plication is a sunspace. The figure oelcu
shows a section taken througk one apartment
unit from north to south showing a sunspace
on the south side. The sunspaceo (n fact, is
just a balcony thtt can be enclos~d on the
south in the winter.

N-S 9ECTION
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The glazing may be removed and stored for the
sussner, Th@ drawfng shows that the wall he-
twm the sunspace #nd the house 1s thlckf!r
to provide additional heat storage and ther-
mal isolation. Probably half of this wall
would br cut through wfth doors and windows
that are ●ss@ntial for access, light, and
daytime distribution of heat to the northern
portions of the wnft. Activ@ dfstrlhution of

heat is not essential but may be desirable fn
certain sftuat.ions. A Solar Load Ratio (SLR)
calculation done for Denver for LCR = ?0 for
a vertically glazed, semi-enclosed sunspace
yields an SSF of 67% and an annual auxiliary
heat requirement for the entire building of
105 million B?J.

The sunspace in this configuration has ample
heat storage; the floor, side walls, ceiling,
and north wall are all effective. The extra
thickness of the north wall of the sunspace
IMy not be requfred. Thfs wall could serve
as the major structural spine for the
bufldfng.

6. CONCLUSIONS

Multistory buildings offer a number of
passive solar opportunities and thermal de-
sign challenges. The few strategies that
have been explored fn this paper indicate
that excellent performance can be obtained.
There obviously are many possible variations,
but the designer must be careful to allow e
degree of thermal control for the occupants.
The thermal design nmt be done unft by unit
and space by space so that each is comforta-
ble when the building requfres no backup
heat. The long thermal re~ponse time of the
building is a major asset in achieving this
objective.
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